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' * ' This application is related to provisional 

„o^^l no. 60/000,083, filed June 8, 

patent appuw^v,.. " ' 

nrioritv is claimed under 3 5 use 
1995, from which priority refer ence 
§ 119(e)(l) and which is incorporated herein by 

in- -its entirety- 
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IeStai ^1 r ese„t invention rentes generally to 
fcacteria! antigens. More particularly, the present 
invention pertains to the -^""^f ^ e Te 
factor from streptococcus uberiS (S. ubens) 
of CAMP factors in vaccine compositions. 

ufceris is an important cause of ostitis in 
dairy cattle and is responsive for about 20% of all 
Hnlcal cases of mastitis <Bramley, A.a. an - .H. 
(1984) j. Dairy Kes. 51:4.1-512, Bram ey, A.J. <» > 
Limal H«ltl> Nutrition 42:12-16; Watts, J L (1 
Dairy sci. Tl:1616- 1 6 2 4). Since antumcrobxal treatment 
is generaily ineffective in treating S. u.ens mastxtxs, 
development of control measures must be based on an 
f virulpnce factors and protective 



- » r - \ m i ana >. ■■■ : - • ■ 1 ; u 
32; Leigh et al. (1990) Res. 



Vet . Sci 



Marshall et al. (1986, J ■ Dairy «es. 53: 507-514). 
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s uJberis strains can 
It is known that some . ^ ReS , 

produce hyaluronic acid «P^^ ' (Scha »fuss et al. 
Vet. Sci. 45:400-404), hyaluronx _ 53) , R _ U ke 

(l989) — im. *-^- T :: oney , ,.f. 

protein (Groschup, " cohemoly sin, the CAMP 

V.t. Sci. ^•• 124 - 126) ';; E d Ri ; f actor (Skalka, B. and 
factor, also Known as UBERIS ^ ^ a m;l90 _ 

J (1981) ZentralM. BaKter g in 

Sitiola, J • l A ... ne i S known of tnexr 

19 4). However, very little 

pathogenicity. waS first described 

Th e effect of — _ (1944 ) Aus . 

by Christie - ax. * »« £ - - ^ ^ 
j. arp. Bid- Med. * £Uch as s. agalactiae, 

that group B streptococci ^ hemolysls when grown 

produced a distinct zone ° £ C ^ taphyloco ccu S aureus 
"ear the di«usion « , o ^ the P wa£ called 

beta-toxin, sphingomyelinase. reactio n was 

Smp reaction and ^ n extracellular 

characterized as the ; „„ (Ber nheimer et 

„ prot ein with a molecular w ^ . The camp fetor 

al . (1979) mrect. !-.». V£ iae an d 

„as subsequently purged lth a pI o£ 8.9 

Prized as a 25,000 Da protei The amino 

characterizea a rh rom. US: 363-370) . 

+- o i (1985) J* cnroi determined 

(jiirgens et al. li» factor was a™ 

25 u — -rrit ai. ,»..» nss ~* 

by Ruhlmann et al. k 

235:262-266). reaction has been 

The mechanism o£ tn (1979) Infect. 

described. See, ..mteraction of the 

30 Imm un. £3:838-844, ^ art ificial 

rMP factor «o. S. p „ s . Bacte rial protein 



Sterzxk et ai. _ Fehrenbach - 

35 Hyg. Abt. 1 SuppL IS- 1 
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CAMP-factor (protein B) for virulence." In: Fehrenbach et 
al eds. Bacterial protein toxins Stuttgart: Gustav 
Fischer Verlag, 1988; 351-357; Fehrenbach et al 
"interaction of amphiphilic bacterial polypeptides with 
> artificial membranes." In: Alouf et al., eds. Bacterial 
protein toxins, London: Academic Press Inc., 1984:317- 

CAMP factor has lytic action on a variety of 
target cells including sheep and bovine erythrocytes, as 
0 well as on artificial membranes in which membrane 

phospholipids and sphingomyelin have been hydroly.ed by 
phospholipase or sphingomyelinase. 

The role of CAMP factor in pathogenicity is 
unclear. A partially purified CAMP factor from S. 
.5 agalactiae has been shown to be lethal to rabbits when 
injected intravenously (Skalka, B. and Smola, J. (1981) 
Zentralbl. Bacterid. Ser. A 249: 190-194, . Furthermore, 
intraperitoneal injection of purified CAMP factor into 
mice has been shown to significantly raise the 
20 ^thogenicity of a sublethal dose of group B stre, > ococcl 
(Fehrenbach et al. "Role of CAMP-factor (protein B) for 
virulence." In: Fehrenbach et al., eds. Bacteria; L pro ein 
toxins, Stuttgart: Custav Fischer Verlag, 1 88; 351-357). 
Additionally, 11*. protein A of 5. aureus CBS CAMP 
25 factor can bind the Fc sites of immunoglobulins and has 
therefore been designated protein B (Jurgens et al. 
(1987) J. Exp. Med. 165:720-732). 

in addition to CBS and S. uteris, other 
bacteria, including Listeria monocytogenes and *»*««« 
30 seeligeri (Kocourt, J. and crimont, P.A.D. (1933, Int. J. 
syst. Bacterid. 33:866-869, Aerorconas sp. (Figura, N. 



rohin] . 75:13 41- 



189:246), and cvizain 



35 
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, IM BaKteriol. MiKroMol. Hyj. *r. A 270=35-40) 
ZentralM. Ba * te " the CAM P effect. 

— re r ;r zz u - « - *■ a in 

pJ „u m o„iae have been 
52:2050-2056; schnee«ind et al. 

M:2174 " 2 "lve r , until now, the CAMP fact- ^ - - 

uberis has not been o*-. "en' pre^u" 
capability of CAMP factor has not been p 

studied. 

fii^^^^ • n is based on the discovery 

The present invention is based 

f <j nheris, as well as tne 
of the CAMP factor gene of S uben 

aiscovery that the CAMP <^ " ""^^p £actor , 
vertebrate sublets fro, meet . The c ^ 
acti ve i™™^enic fragments thereot ^ ^ ^ 

th T° f 't^irrr^i^on with other antigens, 
r^^lT—l-. *- P-iae protection fro, 
acterial infection in vertebrate -^"^ sufcject 
Accordingly, in one embodiment, th 

. ■ is directed to an isolated nucleic acid 
invention is directeo immunogenic 

» — — ^."^jrTn actional 

Streptococcus uberis \ to recombl nant 

embodiments, the invention is d trans£ormed ui th 

vectors including ^^^^i^ly Pacing S. 
these vectors and methods or 

30 uberis CAMP factor. subject 

Tn s till further embodiments, the suoj 
In Stl . ^positions comprising 



, i f I V WI t'l t'l I ' 

CAMP factor. m H 1111 -^' ' 

. a streptococcus CAMP factor. 

35 CAMP factor is a Strepcu 
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w Aimory+i the present invention 
in yet other embodiments, tne P 

baCteri " in ^ r:p"i administering to 

above vaccine compositions. inven tion 
in additional embodiments, the in 
• to methods of producing vaccine compositions 
pertains to -*hod- P ^ least one isogenic CAMP 
comprising (a) providing ^ & 

factor; and (b) combining the CAMP 

pharmaceutical^ acceptable ve ^ cle " nt 
These and other embodiments of the pr 
These an ordinary skill 

invention will readily occur to those of 
in the art in view of the disclosure herein. 

Figure 1 depicts restrio 

nTLD21 and subclones thereof, 
recombinant plasm* ^ Llnes indioa te s. 

„ uberis insert DNA w ^ ^ a<jtlwitu . o£ 

cloning sites of vector p derlved subclones are 

recombinant plasmid P JLD21 ana its deri 

riaht (+, CPMP reaction positive, 
indicated on the right < , ntal arro ws 

CM1P reaction negative). The OT sequencing 

!5 represent start points and direct ens »^ Mot 

experiments. The probe ^ The bar at 
experiments is indicated by the 1 g 

the bottom indicates the . 

frame of CAMP factor gene of S. ube I reaction 

Fi ,ure , shows the results a ^ ^ 

using S. uberis and -'"^J^^ as scribed 



Vertical l 



35 



;treak: 1, S. 



uberis; 2, E< 



COli JF1754( P TZ1BKJ inuyatr 
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» nnli JF1754(pJLD21) (CAMP-positive 
control); 3 *. ^ £ _ 2) (CAMP . posit ive 

recombinant); 4, E - COJ - t 

subclone) . representations of an 

Flg ures 3A and 3B are p o£ s . 

SOS-PAGE and an imBunoblot 3A shows a 

uberis and ^ , I miae -Ls gel. — 

coomassie »»«*»™ ,, g 12 ^ CS L factor; lane 2. 

lf P -" al ^ - -- 54(pJLD21)(CAMP pos itive>; 

supernatant of B. o JF1754 (pTZ18R) (CAMP 

0 lane 3, supernatant of E. <*> J agaI actiae; lane MW, 

negative); lane 4, su P er "^ a "; fls ' Nu m b ers on the 

prestained molecular -and a s ^ ^ 

le£t of the £i ';;: a ^ r thousands, . F^re 3B shows 
molecular weight markers U ^ saniples 

L5 an immunoblot of ^^^o.. and reacted 

with mouse antiserum ^ 

factor. _ — ) show the 

Fl gures 4A 4C (SEQ ^ ^ 

20 nucleotide seguenc e of ^ ^ transcrlption ls 

promoter region The s _^ ^ Qf ^ 

represented by + . -d the ^ putative 

promoter are indicated y ^ deduce<J 

Shine-oalgarno sequence is show ^ ^ ^ 

25 amino acid sequence of s u ^ 

— Fi gure 5 r - rsr^c:' 

30 the promoter region of the . ^ descrlbed in 

The primer extension "actions^ ^ ^ ^ 



. CO J- J- 1 



35 
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ladder was generated by using the sa.e primer and is 
shown as T, G, C, A above each lane. 

Figure 6 (SEQ ID NOS:_) shows a comparison 
oetween S. uberis CAMP (actor (upper lines, designated as 
„ SUCAM P-, and 8. agalactiae CAMP (actor ^J™*' 
designated as ••SACCAMP", . Amino acids are dent fied 
the single-letter code. Identical amino acids are 
the sing aligned sequences show 

indicated by double dots (.)• Tne ailg 
66.4% identity. Spaces (indicated by dash) were 
introduced in the sequences to optimize alignment 

Figure 7 shows a Southern blot analysis of 
different S. uberis strains. The origin of the probe 
u is indicated in Figure !; chromosomal ONA from ah 
a uteris strain was cut with Hindlll. Lanes 1. 2 3 
"are the DMA samples from ATCC strains M 27 133.«. 

^ 1Q ^ fi r-Psoectively; lanes 5, 6, 7 and 8 are 
13387 and 19436, respective^, 

t^i ^niat-es The arrowhead on 
the DNA samples from field isolates. in 

the right indicates the position and size of the 

h/hridizing restriction enzyme fragments. CAMP reaction 

phenotype of each strain is indicated at the bottom *y 

" "(CAMP reaction positive) and - (CAMP reaction 

^^^^ figure 8 depicts the construction of pCH-CAMP^ 

The CAMP reactions for each clone from which the plasmid 

was derived are shown to the right of the figure; + 

was aerive neaative reaction. 

indicates a positive reaction and a negati 

open boxes indicate PTZ18R and hatched boxes indicate 

pGH43 3 . 

Detailed_De^cription 

T^T^a^ce of the present invention will 
. , ^ndioated, conventional 



recumuiiiai 



•c.titlO i > t'V'i • 



within the skill of the art. 



Such techniques are 



9000-0030 
PATENT 



-8- 



explained fully in the literature. See, e.g., Sambrook, 
Fritsch & Maniatis, Molecular Cloning: A Laboratory 
Manual, Second Edition (1989); DNA Cloning, Vols. I and 
II (D.N. Glover ed. 1985); Oligonucleotide Synthesis 

(M.J. Gait ed. 1984); Nucleic Acid Hybridization (B.D. 
Hames & S.J. Higgins eds. 1984); Animal Cell Culture 

(R.K. Freshney ed. 1986); Immobilized Cells and Enzymes 

(IPX press, 1986); Perbal, B., A Practical Guide to 
Molecular Cloning (1984); the series, Methods In 
Enzymology (S. Colowick and N. Kaplan eds., Academic 

Press, Inc.); and Handbook ot Experimental Immunology, 
Vols. I-IV (D.M. Weir and C.C. Blackwell eds., 1986, 

Blackwell Scientific Publications) . 

All publications, patents and patent 

applications cited herein, whether supra or infra, are 

hereby incorporated by reference in their entirety. 

A. Definitions 

In describing the present invention, the 
following terms will be employed, and are intended to be 
defined as indicated below. 

It must be noted that, as used in this 
specification and the appended claims, the singular forms 
"a" "an" and "the" include plural referents unless the 
content clearly dictates otherwise. Thus, for example, 
reference to "a CAMP factor" includes a mixture of two or 
more CAMP factors, and the like. 

The term "CAMP factor" or a nucleotide sequence 
encoding the same, intends a protein or a nucleotide 
sequence, respectively, which is derived from a 
CAMP factor gene found in a variety of bacterial species, 



al. (1988) FEBS Lett 235:262-2 66), Listeria monocytogenes 
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and Listeria seeligeri (Rocourt, J. and Grimont, P.A.D. 
(1983) Int. J. Syst. Bacterial. 33:866-869), Aeromonas 
sp. (Figura, N. and Guglielmetti, P. (1987) J. Clin. 
Microbiol. 25:1341-1342), Rhodococcus equi (Fraser, G. 
(1961) Nature 189:246), and certain Vibrio spp. (Kohler, 
W. (19 88) Zentralbl. Bakteriol . Mikrobiol . Hyg . Ser. A 
270 : 35-40) . 

A representative CAMP factor gene, derived from 
S. uberis, is found in plasmid pJLD21 (ATCC Accession No. 
69837) and depicted in Figures 4A-4C (SEQ ID NOS: ). 

The derived protein or nucleotide sequences 
need not be physically derived from the gene described 
above, but may be generated in any manner, including for 
example, chemical synthesis, isolation (e.g., from an 
organism that produces the CAMP factor) or by recombinant 
production, based on the information provided herein. 

Furthermore, the term intends proteins having 
amino acid sequences substantially homologous to 
contiguous amino acid sequences encoded by the genes, 
which display immunological activity. Thus, the terms 
include full-length, as well as immunogenic and truncated 
and partial sequences, as well as active analogs and 
precursor forms of the proteins, such as those forms 
including the signal sequence, described more fully 
below. 

The terms also include proteins in neutral form 
or in the form of basic or acid addition salts depending 
on the mode of preparation. Such acid addition salts may 
involve free amino groups and basic salts may be formed 
with free carboxyls. Pharmaceutical^ acceptable basic 
and acid addition salts are discussed further below. In 

4->. 0 pro1 - r>1 - n ^ may be modified by combination 



• --.dsc i .» 'cui : ) ii'i ii.it.ui <i i i , - • 

lipids that do not destroy immunological activity] a 
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saccharides, or by side chain modification, such as 
acetylation of amino groups, phosphorylation of hydroxyl 
side chains, oxidation of sulfhydryl groups, 
glycosylation of amino acid residues, as well as other 
modifications of the encoded primary sequence. 

The term therefore intends deletions, additions 
and substitutions to the sequence, so long as the 
polypeptide functions to produce an immunological 
response as defined above. In this regard, particularly 
preferred substitutions will generally be conservative in 
nature, i.e., those substitutions that take place within 
a family of amino acids. For example, amino acids are 
generally divided into four families: (1) acidic — 
aspartate and glutamate; (2) basic — lysine, arginine, 
histidine; (3) non-polar — alanine, valine, leucine, 
isoleucine, proline, phenylalanine, methionine, 
tryptophan; and (4) uncharged polar — glycine, 
asparagine, glutamine, cystine, serine threonine, 
tyrosine. Phenylalanine, tryptophan, and tyrosine are 
sometimes classified as aromatic amino acids. For 
example, it is reasonably predictable that an isolated 
replacement of leucine with isoleucine or valine, or vice 
versa; an aspartate with a glutamate or vice versa; a 
threonine with a serine or vice versa; or a similar 
conservative replacement of an amino acid with a 
structurally related amino acid, will not have a major 
effect on the biological activity. Proteins having 
substantially the same amino acid sequence as the 
reference molecule, but possessing minor amino acid 
substitutions that do not substantially affect the 
immunogenicity of the protein, are therefore within the 

; /• m \> t o r n r t , \\ \ a O 1 1 n o a < t I J u v t.- , - : ' : I i v t .- ■.. < 

streptococcal species that produces the same, including 
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S. uberis and GBS such as S. agalactiae. An "S. uberis 
CAMP factor" is a CAMP factor as defined above, derived 
from S. uberis. 

By "mastitis" is meant an inflammation of the 
mammary gland in mammals, including in cows, ewes, goats, 
sows, mares, and the like, caused by various bacteria 
that produce CAMP factors, described more fully below. 
The infection manifests itself by the infiltration of 
phagocytic cells in the gland. Generally, 4 clinical 
types of mastitis are recognized: (1) peracute, 
associated with swelling, heat, pain,- and abnormal 
secretion in the gland and accompanied by fever and other 
signs of systemic disturbance, such as marked depression, 
rapid weak pulse, sunken eyes, weakness and complete 
anorexia; (2) acute, with changes in the gland similar to 
those above but where fever, anorexia and depression are 
slight to moderate; (3) subacute, where no systemic 
changes are displayed and the changes in the gland and 
its secretion are less marked: and (4) subclinical, where 
the inflammatory reaction is detectable only by standard 
tests for mastitis. 

Standard tests for the detection of mastitis 
include but are not limited to, the California Mastitis 
Test, the Wisconsin Mastitis Test, the Nagase test, the 
electronic cell count and somatic cell counts used to 
detect a persistently high white blood cell content in 
milk. In general, a somatic cell count of about 3 00,000 
to about 500,000 cells per ml or higher, in milk will 
indicate the presence of infection. Thus, a vaccine is 
considered effective in the treatment and/or prevention 
of mastitis when, for example, the somatic cell count in 
■ — . r v.„i nv nbnut- R n o . o o 0 cells per ml. For a 

. . .j. 'v.*' V(TC\ . < ■ ' f : i :. . i i '. ■. , i i« ..j . • ; -- 

Diagnosis, Therapy, and Disease Prevention and Control 
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for the Veterinarian, Merck and Co., Rahway, New Jersey, 
1991. 

An "isolated" nucleic acid molecule is a 
nucleic acid molecule separate and discrete from the 
whole organism with which the molecule is found in 
nature; or a nucleic acid molecule devoid, in whole or 
part, of sequences normally associated with it in nature; 
or a sequence, as it exists in nature, but having 
heterologous sequences (as defined below) in association 
therewith. 

The term "epitope" refers to the site on an 
antigen or hapten to which specific B cells and T cells 
respond. The term is also used interchangeably with 
"antigenic determinant" or "antigenic determinant site." 
Antibodies that recognize the same epitope can be 
identified in a simple immunoassay showing the ability of 
one antibody to block the binding of another antibody to 

a target antigen. 

An "immunological response" to a composition or 
vaccine is the development in the host of a cellular and/ 
or antibody-mediated immune response to the composition 
or vaccine of interest. Usually, an "immunological 
response" includes but is not limited to one or more of 
the following effects: the production of antibodies, B 
cells, helper T cells, suppressor T cells, and/or 
cytotoxic T cells and/or 75 T cells, directed 
specifically to an antigen or antigens included in the 
composition or vaccine of interest. Preferably, the host 
will display a protective immunological response to the 
CAMP factor in question, e.g., the host will be protected 
from subsequent infection by the pathogen and such 

. ,• . ... ; 1 i ^o"nn^fv,t-rH bv either a reduction or 



: ■. ; cr n ■ re c uvci ' v ; 1 ir. < ■ 
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Th e terms "immunogenic" protein or polypeptide 
refer to an amino acid sequence which elicits an 
immunological response as described above. An 
"immunogenic" protein or polypeptide, as used herein, 
includes the full-length sequence of the CAMP factor in 
question, including the precursor and mature forms, 
analogs thereof, or immunogenic fragments thereof. By 
"immunogenic fragment" is meant a fragment of a CAMP 
factor which includes one or more epitopes and thus 
elicits the immunological response described above. Such 
fragments can be identified by, e.g., concurrently 
synthesizing large numbers of peptides on solid supports, 
the peptides corresponding to portions of the protein 
molecule, and reacting the peptides with antibodies while 
the peptides are still attached to the supports. Such 
techniques are known in the art and described in, e.g., 
U.S. Patent No. 4,708,871; Geysen et al. (1984) Proc . 
Natl. Acad. Sci . USA 81:3998-4002; Geysen et al. (1986) 
Molec. Immunol . 23:709-715, all incorporated herein by 
reference in their entireties. 

Immunogenic fragments, for purposes of the 
present invention, will usually be at least about 2 amino 
acids in length, more preferably about 5 amino acids in 
length, and most preferably at least about 10 to 15 amino 
acids in length. There is no critical upper limit to the 
length of the fragment, which could comprise nearly the 
full-length of the protein sequence, or even a fusion 
protein comprising two or more epitopes of the CAMP 
factor or factors in question. 

"Recombinant" polypeptides refer to 
polypeptides produced by recombinant DNA techniques; 
? o rr nS\iirocl from cpIIs transformed by an exogenous DNA 
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A "vector" is a replicon, such as a plasmid, 
phage, or cosmid, to which another DNA segment may be at- 
tached so as to bring about the replication of the at- 
tached segment . 

A DNA "coding sequence" or a "nucleotide 
sequence encoding" a particular protein, is a DNA 
sequence which is transcribed and translated into a 
polypeptide in vitro or in vivo when placed under the 
control of appropriate regulatory elements. The 
boundaries of the coding sequence are determined by a 
start codon at the 5' (amino) terminus and a translation 
stop codon at the 3' (carboxy) terminus. A coding 
sequence can include, but is not limited to, procaryotic 
sequences, cDNA from eucaryotic mRNA, genomic DNA 
sequences from eucaryotic (e.g., mammalian) DNA, and even 
synthetic DNA sequences. A transcription termination 
sequence will usually be located 3' to the coding 
sequence. 

DNA "control elements" refers collectively to 
promoters, ribosome binding sites, polyadenylation 
signals, transcription termination sequences, upstream 
regulatory domains, enhancers, and the like, which 
collectively provide for the transcription and 
translation of a coding sequence in a host cell. Not all 
of these control sequences need always be present in a 
recombinant vector so long as the desired gene is capable 
of being transcribed and translated. 

"Operably linked" refers to an arrangement of 
elements wherein the components so described are 
configured so as to perform their usual function. Thus, 
control elements operably linked to a coding sequence are 
- ip ^bio of offprf-ina the expression of the coding 



a i t II * IK- 1 ■ '■'"-I -i I ' l < ■ l l Ut'i ' , 

direct the expression thereof . 



Thus, lor example, 
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intervening untranslated yet transcribed sequences can be 
present between a promoter and the coding sequence and 
the promoter can still be considered "operably linked" to 
the coding sequence. 

Similarly, a coding sequence is "operably 
linked to" another coding sequence (i.e., in the case of 
a chimeric protein) when RNA polymerase will transcribe 
the two coding sequences into mRNA, which is then 
translated into the polypeptides encoded by the two 
coding sequences. The coding sequences need not be 
contiguous to one another so lonq as the transcribed 
sequence is ultimately processed to produce the desired 
protein. 

A control element, such as a promoter, "directs 
the transcription" of a coding sequence in a cell when 
RNA polymerase will bind the promoter and transcribe the 
coding sequence into mRNA, which is then translated into 
the polypeptide encoded by the coding sequence. 

A "host cell" is a cell which has been 
transformed, or is capable of transformation, by an 
exogenous nucleic acid molecule. 

A cell has been "transformed" by exogenous DNA 
when such exogenous DNA has been introduced inside the 
cell membrane. Exogenous DNA may or may not be 
integrated (covalently linked) into chromosomal DNA 
making up the genome of the cell. In procaryotes and 
yeasts, for example, the exogenous DNA may be maintained 
on an episomal element, such as a plasmid. With respect 
to eucaryotic cells, a stably transformed cell is one in 
which the exogenous DNA has become integrated into the 
chromosome so that it is inherited by daughter cells 
fbrmiah rhromo^omn replication. This stability is 



. LaiJ 1 x l'A i • i • • • - f * 

of daughter cells containing the exogenous UNA. 
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"Homology" refers to the percent of identity 
between two polynucleotide or two polypeptide moieties. 
The correspondence between the sequence from one moiety 
to another can be determined by techniques known in the 
art. For example, homology can be determined by a direct 
comparison of the sequence information between two 
polypeptide molecules by aligning the sequence 
information and using readily available computer programs 
such as ALIGN, Dayhoff, M.O. (1978) in Atlas of Protein 
Sequence and Sturcture 5:Suppl. 3, National biomedical 

Washington, DC. 
Alternatively, homology can be determined by 
hybridization of polynucleotides under conditions which 
form stable duplexes between homologous regions, followed 
by digestion with single-stranded-specific nuclease (s), 
and size determination of the digested fragments. Two 
DNA, or two polypeptide sequences are "substantially 
homologous" to each other when at least about 80%, 
preferably at least about 9 0%, and most preferably at 
least about 9 5% of the nucleotides or amino acids match 
over a defined length of the molecules, as determined 
using the methods above. As used herein, substantially 
homologous also refers to sequences showing identity to 
the specified DNA or polypeptide sequence. DNA sequences 
that are substantially homologous can be identified in a 
Southern hybridization experiment under, for example, 
stringent conditions, as defined for that particular 
system. Defining appropriate hybridization conditions is 
within the skill of the art. See, e.g., Sambrook et al., 
supra; DNA Cloning, vols I & II, supra; Nucleic Acid 
Hybridization, supra. 

Thp tprm "functionally equivalent" intends that 



a 1 1 . > i i O i ■ ■■!■•< L'- j a i , m ' 

immunological response, as defined above, as compar 
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the response elicited by a CAMP factor having identity 
with either the mature sequence for the reference CAMP 
factor, or an immunogenic portion thereof. 

A "heterologous" region of a DNA construct is 
an identifiable segment of DNA within or attached to 
another DNA molecule that is not found in association 
with the other molecule in nature. Thus, when the 
heterologous region encodes a bacterial gene, the gene 
will usually be flanked by DNA that does not flank the 
bacterial gene in the genome of the source bacteria. 
Another example of th.p- heterologous coding sequence is a 
construct where the coding sequence itself is not found 
in nature (e.g., synthetic sequences having codons 
different from the native gene) . Allelic variation or 
naturally occurring mutational events do not give rise to 
a heterologous region of DNA, as used herein. 

The term "treatment" as used herein refers to 
either (i) the prevention of infection or reinfection 
(prophylaxis), or (ii) the reduction or elimination of 
symptoms of the disease of interest (therapy) . 

By "vertebrate subject" is meant any member of 
the subphylum chordata, including, without limitation, 
mammals such as cattle, sheep, pigs, goats, horses, and 
humans; domestic animals such as dogs and cats; and 
birds, including domestic, wild and game birds such as 
cocks and hens including chickens, turkeys and other 
gallinaceous birds; and fish. The term does not denote a 
particular age. Thus, both adult and newborn animals, as 
well as fetuses, are intended to be covered. 

B . General Methods 

rontral to the present invention is the 

. rot cut i v» , i . . > ; • • • - ..... 

gene for the S. uberis CAMP factor has been isolated ana 
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characterized and the CAMP factor encoded thereby 
sequenced. The protein product from the S. uberis CAMP 
factor gene has been shown to protect cattle from 
subsequent challenge with S. uberis. 
5 In particular, the complete DNA sequence of S. 

uberis CAMP factor is shown in Figures 4A-4C (SEQ ID NO: 

_) . A major transcript of the CAMP factor gene is found 
beginning with an "A" residue (depicted at the +1 
position in Figure 4A) . -10 and -35 regions, 

10 characteristic of E. coli promoters (Harley, C.B. and 

Reynolds, R.P. (1987) Nucleic Acids Res. 15:2343-2361), 
are found upstream of the transcriptional start site, as 
indicated in Figure 4A. An open reading frame beginning 
with an ATG codon is located at positions 157 to 159 and 

15 terminates with a TAA stop codon at positions 925 to 927. 
The ATG start codon is preceded by the purine-rich 
sequence AAGAGG, which serves as a ribosome binding site 
in E. coli (Stormo et al. (1982) Nucleic Acids Res. 
10:2971-2996) . 

2 0 As shown in Figures 4A-4C, the S. uberis CAMP 

factor gene encodes a preprotein of about 256 amino acids 
(amino acid residues 1 through 256, inclusive, of Figures 
4A-4C) that includes an N-terminal signal sequence 
approximately 28 amino acids in length. The precursor 
25 molecule has a calculated molecular weight of 28,363 Da. 

The mature S. uberis CAMP factor thus includes amino acid 
residues 29 through 256, inclusive, as depicted in 
Figures 4A-4C. As discussed further below, the portion 
of the CAMP factor gene encoding the signal sequence can 

3 0 be included in constructs that encode the CAMP factor to 

direct secretion of the CAMP factor upon expression. 
Additionally, the CAMP factor signal sequence and the 



in the secretion thereoi . 
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As shown in Figure 6 (SEQ ID NOS: 



alignment of the 226-amino acid sequence of the S. 
agalactiae CAMP factor with the deduced 256 amino acids 
of the 5. uberis CAMP factor shows that 66.4% of the 
5 amino acid residues are identical. Additionally, 

antibodies raised against purified S. uJberis CAMP factor 
cross-react with S. agalactiae protein B. As shown in 
the examples, the S. uberis CAMP factor is secreted when 
produced recombinantly in E. coli. 

10 The exact localization and sequence of the CAMP 

factor gene allows for in vitro mutagenesis studies to 
assess the functions of different domains on the CAMP 
protein. Also, the present data permits the generation 
of stable CAMP factor-synthesis deficient mutants through 

15 gene replacement and other molecular techniques. 

Comparison of the virulence of native and mutant S. 
uberis strains in animals provides important information 
regarding the contribution of the CAMP factor to the 
pathogenicity of bacteria expressing CAMP factors. 

2 0 The CAMP factors, immunogenic fragments thereof 

or chimeric proteins including the same, can be provided 
in subunit vaccine compositions. In addition to use in 
vaccine compositions, the proteins or antibodies thereto 
can be used as diagnostic reagents to detect the presence 

25 of infection in a vertebrate subject. Similarly, the 
genes encoding the proteins can be cloned and used to 
design probes to detect and isolate homologous genes in 
other bacterial strains. 



30 invention can be used to treat or prevent a wide variety 
of bacterial infections in vertebrate subjects. For 
example, vaccine compositions including CAMP factors from 



The vaccine compositions of the present 



3b 



in vertebrate subjects that are caused by these species 
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In particular, S. uteris and S. agalactiae are common 
bacterial pathogens associated with mastitis in bovine, 
equine, ovine and goat species. Additionally, group B 
streptococci, such as S. agalactiae, are known to cause 
5 numerous other infections in vertebrates, including 

septicemia, meningitis, bacteremia, impetigo, arthritis, 
urinary tract infections, abscesses, spontaneous abortion 
etc. Hence, vaccine compositions containing 
streptococcal CAMP factors will find use in treating 
10 and/or preventing a wide variety of streptococcal 
inf ect i ons . 



monocytogenes and L. seeligeri , Aeromonas sp. , 
Rhodococcus equi, and Vibrio spp. will find use for 

15 treating bacterial infections caused by these species. 

For example, CAMP factors can be used to prevent or treat 
listeriosis in a wide range of animals and birds, 
including humans. The infection can manifest itself as 
encephalitis and meningoencephalitis in ruminants and 

20 avian species such as geese, chickens, turkeys, ducks, 

canaries and parrots; septicemia in monogastric animals, 
neonatal ruminants and poultry; and spontaneous abortion 
and latent infections in a wide variety of animals. 
Aeromonas causes infections in fish, including in 

25 salmonids, aquarium fish, goldfish, freshwater and marine 
fish; as well as infections in caged birds and in 
amphibians and reptiles. Rhodococcus equi causes 
respiratory infections, lymphangitis, peritonitis, 
enteritis, abscesses and spontaneous abortion in horses. 

30 Vibrio causes vibriosis in many cultured, aquarium and 

wild marine and estuarine fish; infections of open wounds 
in cetaceans; and avian vibrionic hepatitis and avian 



Similarly, CAMP factors derived from Listeria 



35 
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Thus, it is readily apparent that CAMP factor 
vaccines can be used to treat and/or prevent a wide 
variety of bacterial infections in numerous species. 

CAMP factors from various species can be used 



5 either alone or in combination in the vaccine 

compositions of the present invention. For example, it 
will sometimes be preferable to have more than one 
epitope of one or more of the CAMP factors in the vaccine 
compositions of the present invention so that the subject 

10 in question can be provided with a broad spectrum of 

protection against infection. In its simplest form, this 
can be achieved by employing a polypeptide encoding the 
complete sequence of one of the CAMP factors, or by 
employing a combination of polypeptides encoding the 

15 sequences of two or more of the CAMP factors or epitopes 
of the CAMP factors. Thus, the vaccine compositions 
could comprise, for example various combinations of one 
or more of the CAMP factors, or a combination of several 
of the CAMP factors, or even several epitopes derived 

2 0 from the CAMP factors. 



2 5 fragments of one or more of the CAMP factors fused to 
these antigens. 

Production of the CAMP Factors 
The above described CAMP factors and active 
30 fragments, analogs and chimeric proteins derived from the 

same, can be produced by a variety of methods. 

Specifically, the CAMP factors can be isolated directly 



Furthermore, the vaccine compositions of the 



present invention can include other bacterial, fungal, 
viral or protozoal antigens. These antigens can be 
provided separately of even as fusion proteins comprising 



lacks cellular components and several extraneous 
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proteins. The desired proteins can then be further 
purified i.e. by column chromatography, HPLC, 
immunoadsorbent techniques or other conventional methods 
well known in the art. 
5 More particularly, techniques for isolating 

CAMP factors have been described in e.g., Skalka, B. and 
Smola, J. (1981) Zbl . Bakt. Hyg . , I. Abt . Orig . A249:190- 
194; Skalka et al. (1980) Zbl . Vet. Med. B27.: 559-566 ; 
Skalka et al. (1979) Zbl . Vet. Med. B26: 679-687 ; 

10 Bernheimer et al. (1979) Infect. Immun. 21:838-844; 

Jurgens et al. (1985) J. Chrom. 348 : 363-370; Jurgens et 
al. (1987) J. Exp. Med. 165 :720-732. 

Alternatively, the proteins can be 
recombinant ly produced as described herein. 

15 As explained above, these recombinant products can take 
the form of partial protein sequences, full-length 
sequences, precursor forms that include signal sequences, 
mature forms without signals, or even fusion proteins 
(e.g., with an appropriate leader for the recombinant 

2 0 host, or with another subunit antigen sequence for 
Streptococcus or another pathogen) . 

The CAMP factor genes of the present invention 
can be isolated based on the ability of the protein 
products to display CAMP activity, using CAMP assays as 

25 described below. Thus, gene libraries can be constructed 
and the resulting clones used to transform an appropriate 
host cell. Colonies can be pooled and screened for 
clones having CAMP activity. Colonies can also be 
screened using polyclonal serum or monoclonal antibodies 

30 to the desired antigen. 

Alternatively, once the amino acid sequences 
are determined, oligonucleotide probes which contain the 

, -1 - * 

3b libraries lor genes encoding the subject proteins. : n>- 
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basic strategies for preparing oligonucleotide probes and 
DNA libraries, as well as their screening by nucleic acid 
hybridization, are well known to those of ordinary skill 
in the art. See, e.g., DNA Cloning: Vol. I, supra; 
5 Nucleic Acid Hybridization, supra; Oligonucleotide 

Synthesis , supra; Sambrook et al., supra. Once a clone 
from the screened library has been identified by positive 
hybridization, it can be confirmed by restriction enzyme 
analysis and DNA sequencing that the particular library 
10 insert contains the desired CAMP factor gene or a homolog 
thereof . 

Alternatively, DNA sequences encoding the 
proteins of interest can be prepared synthetically rather 
than cloned. The DNA sequences can be designed with the 

15 appropriate codons for the particular amino acid 

sequence. In general, one will select preferred codons 
for the intended host if the sequence will be used for 
expression. The complete sequence is assembled from 
overlapping oligonucleotides prepared by standard methods 

20 and assembled into a complete coding sequence. See, 

e.g., Edge (1981) Nature 212:756; Nambair et al. (1984) 
Science 223:1299; Jay et al. (1984) J. Biol. Chem. 
259:6311. 

Once coding sequences for the desired proteins 
25 have been prepared or isolated, they can be cloned into 
any suitable vector or replicon. Numerous cloning 
vectors are known to those of skill in the art, and the 
selection of an appropriate cloning vector is a matter of 
choice. Examples of recombinant DNA vectors for cloning 
30 and host cells which they can transform include the 

bacteriophage X (E. coli) , pBR322 (E . coli) , pACYC177 (E . 
coli) f pKT230 (gram-negative bacteria), pGV1106 



35 pHV14 (E. coll and Bacillus subtilis), piiU'j {iiaci i i ul> j t 
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pIJ61 (Streptomyces) , pUC6 (Streptomyces) , YIp5 
(Saccharomyces) , YCpl9 (Saccharomyces) and bovine 
papilloma virus (mammalian cells) . See, generally, DNA 
Cloning: Vols. I & II, supra; Sambrook et al., supra; B. 
5 Perbal, supra. 



promoter, ribosome binding site (for bacterial 
expression) and, optionally, an operator (collectively 
referred to herein as "control" elements) , so that the 

10 DNA sequence encoding the desired protein is transcribed 
into RNA in the host cell transformed by a vector 
containing this expression construction. The coding 
sequence may or may not contain a signal peptide or 
leader sequence. If signal sequences are included, they 

15 can either be the native, homologous sequences, or 

heterologous sequences. For example, the signal sequence 
for S. uteris CAMP factor (shown in Figure 4 A) , can be 
used for secretion of various CAMP factors, as can a 
number of other signal sequences, well known in the art. 

2 0 Leader sequences can be removed by the host in 

post-translational processing. See, e.g., U.S. Patent 
Nos. 4,431,739; 4,425,437; 4,338,397. 



desirable which allow for regulation of expression of the 
25 protein sequences relative to the growth of the host 

cell. Regulatory sequences are known to those of skill 
in the art, and examples include those which cause the 
expression of a gene to be turned on or off in response 
to a chemical or physical stimulus, including the 
3 0 presence of a regulatory compound. Other types of 

regulatory elements may also be present in the vector, 
for example, enhancer sequences. 



The gene can be placed under the control of a 



Other regulatory sequences may also be 



insertion into a vector, such as the cioning vector^ 



9000-0030 
PATENT 



-25- 

described above. Alternatively, the coding sequence can 
be cloned directly into an expression vector which 
already contains the control sequences and an appropriate 
restriction site. 
5 In some cases it may be necessary to modify 

the coding sequence so that it may be attached to the 
control sequences with the appropriate orientation; i.e., 
to maintain the proper reading frame. It may also be 
desirable to produce mutants or analogs of the CAMP 

10 factor of interest. Mutants or analogs may be prepared 

by the deletion of a portion of the sequence encoding the 
protein, by insertion of a sequence, and/or by 
substitution of one or more nucleotides within the 
sequence. Techniques for modifying nucleotide sequences, 

15 such as site-directed mutagenesis, are described in, 

e.g., Sambrook et al., supra; DNA Cloning, Vols. I and 
II, supra; Nucleic Acid Hybridization , supra. 

The expression vector is then used to transform 
an appropriate host cell. A number of mammalian cell 

20 lines are known in the art and include immortalized cell 
lines available from the American Type Culture Collection 
(ATCC) , such as, but not limited to, Chinese hamster 
ovary (CHO) cells, HeLa cells, baby hamster kidney (BHK) 
cells, monkey kidney cells (COS), human hepatocellular 

25 carcinoma cells (e.g., Hep G2) , Madin-Darby bovine kidney 
("MDBK") cells, as well as others. Similarly, bacterial 
hosts such as E . coli, Bacillus subtilis , and 
Streptococcus spp., will find use with the present 
expression constructs. Yeast hosts useful in the present 

3 0 invention include inter alia, Saccharomyces cerevisiae , 
Candida albicans, Candida maltosa, Hansenula polymorpha, 
Kluyveromyces fragilis , Kluyveromyces lactis , Pichia 

3 5 baculovirus expression vectors include, intei <i < iu , Auji-. 
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aegypti, Autographa californica, Bombyx mori, Drosophila 
melanogaster, Spodoptera frugiperda, and Trichoplusia ni . 

Depending on the expression system and host 
selected, the proteins of the present invention are 
5 produced by culturing host cells transformed by an 
expression vector described above under conditions 
whereby the protein of interest is expressed. The 
protein is then isolated from the host cells and puri- 
fied. If the expression system secretes the protein into 

10 the growth media, the protein can be purified directly 
from the media. If the protein is not secreted, it is 
isolated from cell lysates. The selection of the 
appropriate growth conditions and recovery methods are 
within the skill of the art. 

15 The proteins of the present invention may also 

be produced by chemical synthesis such as solid phase 
peptide synthesis, using known amino acid sequences or 
amino acid sequences derived from the DNA sequence of the 
genes of interest. Such methods are known to those 

20 skilled in the art. Chemical synthesis of peptides may 
be preferable if a small fragment of the antigen in 
question is capable of raising an immunological response 
in the subject of interest. 

The CAMP factors, fragments, analogs and 

2 5 chimeras containing the same, can be tested for CAMP 
activity using any of several standard tests. For 
example, CAMP factors are known to display lytic action 
on a variety of target cells including bovine and ovine 
erythrocytes. Thus, a convenient method for testing for 

30 CAMP factor activity utilizes standard hemolytic 

reactions using ovine or bovine erythrocytes. See, e.g., 
Christie et al. (1944) Aus . J . Exp. Biol. Med. Sci. 

Jb Wilkinsin, H.W. ; / ) ^. Clin, tticrobiuj. . / .: •« <• , 
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Bernheimer et al. (1979) Infect. Immun. 23:838-844; 
Skalka, B. and Smola, J. (1981) Zbl . Bakt . Hyg . , I. Abt . 
Orig. A249 : 190-194; Huser et al. (1983) J. Gen. 
Microbiol. 129:1295. 



release of entrapped marker molecules from liposomes made 
from materials susceptible to disruption by CAMP factors. 
For example, CAMP activity can be monitored using 
[ 14 C] glucose-containing liposomes prepared from, e.g., 

10 sphingomyelin, cholesterol and dicetyl phosphate, and 
measuring the release of trapped [ 14 C] glucose due to 
disruption of the liposomes by the CAMP factor. See, 
e.g., Bernheimer et al. (1979) Infect . Immun. 23:838-844. 
Similarly, ATP release from liposomes in the presence of 

15 CAMP factor can be monitored as described in Sterzik et 
al. (1984) "Interaction of the CAMP factor from S. 
agalactiae with artificial membranes" In: Alouf et al., 
eds. Bacterial protein toxins, London: Academic Press 
Inc., 1984:195-196; and Sterzik et al. (1985) Zentralbl . 

20 Bakteriol. Mikrobiol . Hyg. Abt. 1 Suppl . 15:101-108. 
See, also Fehrenbach et al. (1984) "Interaction of 
amphiphilic bacterial polypeptides with artificial 
membranes." In: Alouf et al., eds. Bacterial protein 
toxins, London: Academic Press Inc., 1984:317-324. 

2 5 The CAMP factors of the present invention or 

their fragments can be used to produce antibodies, both 
polyclonal and monoclonal. If polyclonal antibodies are 
desired, a selected mammal, (e.g., mouse, rabbit, goat, 
horse, etc.) is immunized with an antigen of the present 

3 0 invention, or its fragment, or a mutated antigen. Serum 

from the immunized animal is collected and treated 
according to known procedures. See, e.g., Jurgens et al. 



5 



Activity can also be tested by monitoring the 
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can be purified by immunoaf f inity chromatography, using 
known procedures. 

Monoclonal antibodies to the CAMP factors and 
to the fragments thereof, can also be readily produced by 
5 one skilled in the art. The general methodology for 
making monoclonal antibodies by using hybridoma 
technology is well known. Immortal antibody-producing 
cell lines can be created by cell fusion, and also by 
other techniques such as direct transformation of B 

10 lymphocytes with oncogenic DNA, or transfection with 
Epstein-Barr virus. See, e.g., M. Schreier et al., 
Hybridoma Techniques (1980); Hammerling et al . , 
Monoclonal Antibodies and T-cell Hybridomas (1981); 
Kennett et al., Monoclonal Antibodies (1980); see also 

15 U.S. Patent Nos. 4,341,761; 4,399,121; 4,427,783; 

4,444,887; 4,452,570; 4,466,917; 4,472,500, 4,491,632; 
and 4,493,890. Panels of monoclonal antibodies produced 
against the CAMP factor of interest, or fragment thereof, 
can be screened for various properties; i.e., for 

20 isotype, epitope, affinity, etc. Monoclonal antibodies 
are useful in purification, using immunoaf f inity 
techniques, of the individual antigens which they are 
directed against. Both polyclonal and monoclonal 
antibodies can also be used for passive immunization or 

25 can be combined with subunit vaccine preparations to 
enhance the immune response. 

Vaccine Formulations and Administration 
The CAMP factors of the present invention can 
30 be formulated into vaccine compositions, either alone or 
in combination with other antigens, for use in immunizing 
subjects as described below. Methods of preparing such 



35 Pennsylvania, 18 Edition, 1990. Typically, tcne vac 
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of the present invention are prepared as injectables, 
either as liquid solutions or suspensions. Solid forms 
suitable for solution in or suspension in liquid vehicles 
prior to injection may also be prepared. The preparation 
5 may also be emulsified or the active ingredient 
encapsulated in liposome vehicles. The active 
immunogenic ingredient is generally mixed with a 
compatible pharmaceutical vehicle, such as, for example, 
water, saline, dextrose, glycerol, ethanol, or the like, 
10 and combinations thereof. In addition, if desired, the 

vehicle may contain minor amounts of auxiliary substances 
such as wetting or emulsifying agents and pH buffering 
agents . 

Adjuvants which enhance the effectiveness of 
15 the vaccine may also be added to the formulation. 

Adjuvants may include for example, muramyl dipeptides, 
avridine, aluminum hydroxide, dimethyldioctadecyl 
ammonium bromide (DDA) , oils, oil-in-water emulsions, 
saponins, cytokines, and other substances known in the 
2 0 art. 

The CAMP factor may be linked to a carrier in 
order to increase the immunogenicity thereof. Suitable 
carriers include large, slowly metabolized macromolecules 
such as proteins, including serum albumins, keyhole 

25 limpet hemocyanin, immunoglobulin molecules, 

thyroglobulin, ovalbumin, and other proteins well known 
to those skilled in the art; polysaccharides, such as 
sepharose, agarose, cellulose, cellulose beads and the 
like; polymeric amino acids such as polyglutamic acid, 

30 polylysine, and the like; amino acid copolymers; and in- 
active virus particles. 

The CAMP factors may be used in their native 

3b reaction with Cys-thiolactone . A suiinyciryi yiuup n<uy 
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also be incorporated into the carrier (or antigen) by, 
for example, reaction of amino functions with 

2- iminothiolane or the N-hydroxysuccinimide ester of 

3- (4-dithiopyridyl propionate. Suitable carriers may 
5 also be modified to incorporate spacer arms (such as 

hexamethylene diamine or other bifunctional molecules of 
similar size) for attachment of peptides. 



the present invention include VP 6 polypeptides of 
10 rotaviruses, or functional fragments thereof, as 

disclosed in U.S. Patent No. 5,071,651, incorporated 
herein by reference. Also useful is a fusion product of 
a viral protein and the subject immunogens made by 
methods disclosed in U.S. Patent No. 4,722,840. Still 
15 other suitable carriers include cells, such as 

lymphocytes, since presentation in this form mimics the 
natural mode of presentation in the subject, which gives 
rise to the immunized state. Alternatively, the proteins 
of the present invention may be coupled to erythrocytes, 
2 0 preferably the subject's own erythrocytes. Methods of 

coupling peptides to proteins or cells are known to those 
of skill in the art. 



thereof) may be formulated into vaccine compositions in 
25 either neutral or salt forms. Pharmaceutical^ 

acceptable salts include the acid addition salts (formed 
with the free amino groups of the active polypeptides) 
and which are formed with inorganic acids such as, for 
example, hydrochloric or phosphoric acids, or such 
30 organic acids as acetic, oxalic, tartaric, mandelic, and 
the like. Salts formed from free carboxyl groups may 
also be derived from inorganic bases such as, for 



Other suitable carriers for the CAMP factors of 



Furthermore, the CAMP factors (or complexes 



3b 
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trimethylamine, 2-ethylamino ethanol, histidine, 
procaine, and the like. 

Injectable vaccine formulations will contain a 
"therapeutically effective amount" of the active 
5 ingredient, that is, an amount capable of eliciting an 
immune response in a subject to which the composition is 
administered. In the treatment and prevention of 
mastitis, for example, a "therapeutically effective 
amount" would preferably be an amount which controls 

10 infection, as measured by, e.g. the ability of the 

composition to retain or bring the somatic cell count in 
milk below about 500,000 cells per ml. The exact amount 
is readily determined by one skilled in the art using 
standard tests. The CAMP factor will typically range 

15 from about 1% to about 95% (w/w) of the composition, or 
even higher or lower if appropriate. With the present 
vaccine formulations, 20 to 500 /xg of active ingredient 
per ml of injected solution should be adequate to raise 
an immunological response when a dose of 1 to 3 ml per 

20 animal is administered. 

To immunize a subject, the vaccine is generally 
administered parenterally , usually by intramuscular 
injection. Other modes of administration, however, such 
as subcutaneous, intraperitoneal and intravenous 

25 injection, are also acceptable. The quantity to be 

administered depends on the animal to be treated, the 
capacity of the animal's immune system to synthesize 
antibodies, and the degree of protection desired. 
Effective dosages can be readily established by one of 

30 ordinary skill in the art through routine trials 

establishing dose response curves. The subject is 
immunized by administration of the vaccine in at least 

35 maintain a state of immunity to mlection. 
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Additional vaccine formulations which are suit- 
able for other modes of administration include sup- 
positories and, in some cases, aerosol, intranasal, oral 
formulations, and sustained release formulations. For 
5 suppositories, the vehicle composition will include 

traditional binders and carriers, such as, polyalkaline 
glycols, or triglycerides. Such suppositories may be 
formed from mixtures containing the active ingredient in 
the range of about 0.5% to about 10% (w/w) , preferably 

10 about 1% to about 2%. Oral vehicles include such 
normally employed excipients as, for example, 
pharmaceutical grades of mannitol, lactose, starch, 
magnesium, stearate, sodium saccharin cellulose, 
magnesium carbonate, and the like. These oral vaccine 

15 compositions may be taken in the form of solutions, 

suspensions, tablets, pills, capsules, sustained release 
formulations, or powders, and contain from about 10% to 
about 95% of the active ingredient, preferably about 25% 
to about 70%. 

20 Intranasal formulations will usually include 

vehicles that neither cause irritation to the nasal 
mucosa nor significantly disturb ciliary function. 
Diluents such as water, aqueous saline or other known 
substances can be employed with the subject invention. 

25 The nasal formulations may also contain preservatives 
such as, but not limited to, chlorobutanol and 
benzalkonium chloride. A surfactant may be present to 
enhance absorption of the subject proteins by the nasal 
mucosa . 

30 Controlled or sustained release formulations 

are made by incorporating the protein into carriers or 
vehicles such as liposomes, nonresorbable impermeable 

35 or resorbable polymers such as collagen ana certain 
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polyacids or polyesters such as those used to make 
resorbable sutures. The CAMP factors can also be 
delivered using implanted mini-pumps, well known in the 

art 

. ' The CAMP factors of the instant invention can 

al so he administered via a carrier virus which expresses 
the same. Carrier viruses which will find use with the 
instant invention include but are not limited to the 
vaccinia and other pox viruses, adenovirus, and herpes 
10 virus. By way of example, vaccinia virus recombinants 
expressing the novel proteins can be constructed as 
follows. The DNA encoding the particulax protein ■= 
first inserted into an appropriate vector so that it is 
adiacent to a vaccinia promoter and flanging vaccinia DNA 
15 sequences, such as the sequence encoding thymidine Kinase 
(TK ) This vector is then used to transfect cells which 
are simultaneously infected with vaccinia. Homologous 
recombination serves to insert the vaccinia promoter plus 
the gene encoding the instant protein into the viral 
2 0 genome. The resulting ^recombinant can be selected by 
culturing the cells in the presence of 5- 
bromodeoxyuridine and picking viral plaques resistant 

thereto. . „, r ^i 

An alternative route of administration involves 

25 gene therapy or nucleic acid immunization. Thus, 
nucleotide sequences (and accompanying regulatory 
elements) encoding the subject CAMP factors can be 
administered directly to a subject for in vivo 
translation thereof. Alternatively, gene transfer can be 

30 accomplished by transfecting the subject's cells or 
tissues ex vivo and reintroducing the transformed 
material into the host. DNA can be directly introduced 



( n n 



35 al- (1990) Science 
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gene transfer can also be accomplished using known 
methods. See, e.g., Hazinski et al. (1991) Am. J. 
Respir. Cell Mol . Biol. 4:206-209; Brigham et al. (1989) 
Am. J. Med. Sci . 298 :278-281; Canonico et al. (1991) 
5 Clin. Res. 39.:219A; and Nabel et al. (1990) Science 1990) 
249 : 1285-1288 . Targeting agents, such as antibodies 
directed against surface antigens expressed on specific 
cell types, can be covalently conjugated to the liposomal 
surface so that the nucleic acid can be delivered to 

10 specific tissues and cells susceptible to infection. 

Below are examples of specific embodiments for 
carrying out the present invention. The examples are of- 
fered for illustrative purposes only, and are not 
intended to limit the scope of the present invention in 

15 any way. 

Deposits of Strains Useful in Practicing the Invention 

A deposit of biologically pure cultures of the 
following strains was made with the American Type Culture 

20 Collection, 12301 Parklawn Drive, Rockville, Maryland, 
under the provisions of the Budapest Treaty. The 
accession number indicated was assigned after successful 
viability testing, and the requisite fees were paid. The 
designated deposits will be maintained for a period of 

25 thirty (30) years from the date of deposit, or for five 
(5) years after the last request for the deposit, 
whichever is longer. Should a culture become nonviable 
or be inadvertently destroyed, or, in the case of 
plasmid-containing strains, lose its plasmid, it will be 

30 replaced with a viable culture (s) of the same taxonomic 
description . 

Should there be a discrepancy between the 
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due to routine sequencing errors, the sequence in the 
deposited plasmid controls. 

Strain Deposit Date ATCC No. 

5 pJLD21 in E. coli JF1754 June 9, 1995 69837 



C. Experimental 

10 Materials and Methods 

Enzymes were purchased from commercial sources, 
and used according to the manufacturers' directions. 
Radionucleotides and nitrocellulose filters were also 
purchased from commercial sources. 

15 In the isolation of DNA fragments, except where 

noted, all DNA manipulations were done according to 
standard procedures. See, Sambrook et al., supra. 
Restriction enzymes, T 4 DNA ligase, E. coli, DNA 
polymerase I, Klenow fragment, and other biological 

20 reagents can be purchased from commercial suppliers and 
used according to the manufacturers' directions. Double 
stranded DNA fragments were separated on agarose gels. 

Bacterial strains, plasmids and growth conditions : 
25 The E. coli strain used for cloning the S. 

uberis CAMP factor gene was JF1754 (hsdR lac gal metB 
leuB hisB) (McNeil, J.B. and Friesen, J.D. (1981) Mol . 
Gen. Genet. 184 : 386-393) . Competent E . coli JF1754 was 
made as previously described (Hanahan, D. "Techniques for 
30 transformation of E. coli." In: Glover DM, ed. DNA 

cloning (Volume I) : a practical approach. Oxford: IRL 
Press, 1985:109-135). E. coli cells were grown in Luria 
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plasmids. Four S. uberis strains, as well as S. 
agalactiae and S. aureus, were obtained from the American 
Type Culture Collection (ATCC Accession Nos. 9927, 13386, 
13387, 19436, 27541 and 25923, respectively). Other S. 
5 uberis strains are field isolates kindly provided by M. 
Chirino-Tre jo, University of Saskatchewan. All 
streptococcal strains were grown in brain heart infusion 
broth (BHI, Difco Laboratories) or on base #2 blood agar 
plates with 5% sheep blood (PML microbiologicals) . 
10 The cloning vector pTZ18R (Mead et al. (1986) 

Protein Eng. 1:67-74) was obtained from Pharmacia Canada 
Ltd. 

Preparation of S. aureus beta-toxin : 
15 S. aureus was cultured in BHI for 18 h at 37°C 

and the supernatant obtained after centrif ugation at 
5,000 g was sterilized by filtration through a 0.22-uM 
filter (Nalge company). This material, referred to as 
crude beta-toxin, was stored at -20°C. 

20 

CAMP reaction 

Bacteria were screened for CAMP activity as 
described (Schneewind et al. (1988) Infect. Immun. 
56:2174-2179). Briefly, strains were streaked 
25 perpendicular to a streak of beta-toxin-producing S. 
aureus on blood agar plates and after 6 h - 20 h 
incubation at 37°C, they were observed for hemolysis. 

Purification of CAMP factor 
30 CAMP factor was partially purified from the 

culture supernatant of S. uberis (ATCC Accession No. 
9927) by Octy 1-Sepharose CL-4B (Pharmacia) chromatography 



3b 



9000-0,030 
PATENT 



-37- 



Polyclonal antibodies 

To analyse the recombinant CAMP factor of S. 
uberis, polyclonal antibodies directed against the 
purified CAMP factor were obtained. Mice were immunized 
5 by intraperitoneal injection of 20 /xg of the purified 

CAMP protein with complete Freund adjuvant. This primary 
immunization was followed 3 weeks later by the second 
intraperitoneal injection of the same amount of CAMP 
protein with incomplete Freund adjuvant and another 3 
10 weeks later by the third intravenous injection of 20 y,q 
of CAMP protein with incomplete Freund adjuvant. The 
blood serum samples were then taken 10 days later. 

PAGE and immunoblottinq 

15 Protein samples of S. agalactiae and E . coli 

were obtained from culture supernatants by 
trichloroacetic acid (TCA) -precipitation at a final 
concentration of 10%. SDS-polyacrylamide gel 
electrophoresis (PAGE) of proteins was performed as 

20 described by Laemmli (Laemmli, U.K. (1970) Nature 
227 : 680-685) . Proteins were electroblotted onto 
nitrocellulose membranes as recommended by the supplier 
(Bio-Rad) and the blots were developed as described 
elsewhere (Theisen, M. and Potter, A. A. (1992) J. 

25 Bacterid. 174 : 17-23) with the following differences. 

The first antiserum used was mouse polyclonal antiserum 
against partially-purified S. uberis CAMP protein, and it 
was absorbed with antigens of the E . coli host strain as 
described previously (Frey et al. (1989) Infect. Immun . 

30 52:2050-2056). The second antibody used in blotting 

procedure was the goat anti-mouse IgG coupled to alkaline 
phosphatase (Kirkegaard & Perry Laboratories, Inc.)- 
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DNA manipulations 

All molecular techniques were as recommended 
by the supplier (Pharmacia Canada Ltd.) or Sambrook et 
al., supra. Chromosomal DNA of S. uteris was prepared 
5 from cells grown in 100 ml BHI plus 5% (w/v) glycine. 
Cells were pelleted and resuspended in 2 . 5 ml of TES 
buffer (30 mM Tris-HCl, 5 mM EDTA, 50 mM NaCl; pH 8.0) 
with 25% sucrose and 1.6 mg/ml lysozyme (Sigma). The 
suspension was incubated for 1 h at 37°C / followed by 

10 freezing at -70°C. The frozen cells were thawed in a 

65°C water bath. EDTA and proteinase K (Pharmacia) were 
added to final concentrations of 20 mM and 1.2 mg/ml, 
respectively, before incubation at 65°C for 30 min. To 
lyse cells completely, sarkosyl was added to 1% and 

15 incubated at 37°C for 1 h. Two ml of TE buffer (10 mM 

Tris-HCl, 1 mM EDTA; pH 8.9) was added prior to phenol: 
chloroform extraction. DNA was recovered by ethanol 
precipitation and was treated with RNase (Pharmacia 
Canada Ltd. ) . 

20 Size-fractionated Sau3AI-digested chromosomal 

DNA fragments were isolated by sucrose density gradient 

centrifugation (Sambrook et al., supra). 

DNA sequence was determined by the dideoxy- 

chain termination method of Sanger et al. (1977) Proc. 
25 Natl. Acad. Sci . USA 74:5463-5467 on double-stranded 

plasmid templates by using a T7 Sequencing kit (Pharmacia 

Canada Ltd . ) . 

RNA analyses 

30 RNA from E. coli strains was isolated as 

described previously (Lloubes et al. (1986) Nucleic Acid 
Res. 14:262 1-2636) with an additional RNase-free DNase I 

3b resuspended in /. :j u oi i L duller v P J1 o.Uj junidii. j Ji'j 
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500 u of mutanolysin (Sigma) and incubated at 37 C for 30 
min. Lysis buffer (250 /xl) (60 mM Tris-HCl pH 7.4, 200 mM 
NaCl, 10 mM EDTA, 2% SDS) and 100 /xg/ml (final 
concentration) of proteinase K was added and the 
5 incubation continued for 1 h. The sample was extracted 
once with 65°C phenol (water saturated, pH 4.0) and twice 
with room temperature phenol. RNA was recovered by 
ethanol precipitation and treated with DNase I (Pharmacia 
Canada Ltd. ) . 

10 Primer extension assay was performed as 

described by Miller et al. (1986) Nucleic Acids Res. 
14_: 7341-60. RNasin and moloney murine leukemia virus 
reverse transcriptase were obtained from Pharmacia Canada 
Ltd. 



Cloning and expression of the S. uteris CAMP factor gene 



partially digested with Sau3AI and size fractionated in a 
2 0 sucrose gradient; from this, 2- to 5-kb DNA fragments 
were recovered. The ends of these fragments were 
partially filled in with dGTP and dATP and ligated into 
pTZ18R which was cut with Sail and partially filled in 
with dTTP and dCTP. Following transformation of E. coli 
25 JF1754 competent cells, clones expressing the CAMP factor 
gene were identified on blood plates with ampicillin and 
beta-toxin on the surface. Six clones from a total of 
10,000 were phenotypically hemolytic and each one 
mediated a distinct CAMP reaction. One of them, 
30 containing recombinant plasmid pJLD21, was selected for 

further study and its CAMP reaction is shown in Figures 1 
and 2 . 



15 



Example 1 



Chromosomal DNA of S. uteris (ATCC 9927) was 
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subclone pJLD21-2 was generated (Figures 1 and 2) . This 
subclone was further analysed with more restriction 
enzymes for sequencing purposes. 

To study the expression of the recombinant CAMP 
5 factor, SDS-PAGE analysis of supernatant proteins from 
Cfu + E. coli JF1754 (pJLD21) and host E. coli JF1754 
(pTZ18R) was performed (Figure 3A) . Compared to the 
vector control, no distinguishable band was observed in 
the lane containing supernatant from the Cfu + clone, 

10 indicating that either expression was at a very low level 
or the protein was not secreted efficiently. To identify 
the CAMP factor encoded by pJLD21, the proteins separated 
by SDS-PAGE were transferred to a nitrocellulose membrane 
and immunoblotted (Figure 4B) . The Cfu + E. coli clone 

15 carrying pJLD21 expressed a protein with molecular weight 
of 28,000 (lane 2), similar to the native CAMP factor of 
S. uteris (lane 1) . 

Another expression plasmid for the S. uteris 
CAMP factor, pGH-CAMP, was constructed as shown in Figure 

20 8. In particular, A 1.7 kb EcoRI-BamUI fragment of 
pJLD21-2 was filled in with Klenow polymerase and 
inserted into pGH433 which was cut by BamHI and filled in 
a similar fashion. Plasmid pGH433 is an expression 
vector containing a tac promoter, a translational start 

25 site with restriction enzyme sites allowing ligation in 
all three reading frames followed by stop codons in all 
reading frames. See, Theisen, M. and Potter, A. A. (1992) 
J . Bacterid. 174:17-23. 

The expression plasmids were used to transform 

30 E. coli JF1754 (described above) . The CAMP factor was 
prepared from inclusion bodies as described in, e.g., 
Possi -Campos et al. (1992) Vaccine 10:512-518, for use in 

35 was added and the cultures were incubated with vigorous 
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agitation at 37 °C. The bacteria were harvested by 
centrifugation, resuspended and frozen at -70°C. The 
frozen cells were thawed at room temperature and lysozyme 
was added, A detergent mix was then added. The 
5 viscosity was reduced by sonication and protein 

aggregates were harvested by centrifugation. The pellets 
were dissolved in a minimal volume of 4 M guanidine 
hydrochloride. The proteins were analyzed by sodium 
dodecyl sulf ate-polyacrylamide gel electrophoresis and 
10 the protein concentration was estimated by comparing the 
intensity of the coomassie blue-stained bands to a bovine 
serum albumin standard. 



uJberis CAMP factor gene, each of the EcoRI , HindUI, 
Hindi and Sad fragments of pJLD21»2 was individually 
cloned into pTZ18R. Fragments were sequenced in both 
20 orientations as shown in Figure 1. The complete DNA 



An open reading frame beginning with an ATG codon located 
at positions 157 to 159 and terminating with the TAA stop 
codon at positions 925 to 927 was found which could 
25 encode a 256-residue polypeptide with a calculated 
molecular weight of 28,363. The ATG start codon is 
preceded by the purine-rich sequence AAGAGG , which serves 
as a ribosome binding site in E . coli (Stormo et al. 
(1982) Nucleic Acids Res. 10 : 2971-2996) . 



15 



Example 2 

Nucleotide sequence of S. uberis CAMP factor gene 
To obtain the nucleotide sequence of the S. 



sequence is presented in Figures 4A-4C (SEQ ID NO: 



) . 



30 



Example 3 
Primer extension analysis 



35 



extension analysis of RNA from s. uberis (ATCC 992 /j, 
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coli JF1754 (pJLD21) and E. coli JF1754 (pTZ18R) was done 
by using a synthetic oligonucleotide complementary to the 
DNA sequence from position 201 to 184. A strong primer 
extension product corresponding to base 91 ("T") was 
5 identified from both S. uberis and E. coli 

JF1754 (pJLD21) , but not from E. coli JF1754 (pTZ18R) 
(Figure 5) . This data indicates that there is a major 
transcript of S. uberis CAMP factor gene initiated with 

an "A" residue (+1 in Figures 4A-4C; SEQ ID NO: ) . 

10 Both -10 and -35 regions, characteristic of E. coli 
promoters 29 , were identified at the upstream of the 
transcriptional start site (Figures 4A-4C; SEQ ID NO: ). 



protein B of S . agalactiae , a concentrated culture 
supernatant of S. agalactiae containing protein B 

20 (Jiirgens et al. (1985) J . Chrom. 318: 363-370) was 

separated by SDS-PAGE and analyzed by immunoblotting with 
antibodies against the purified 5. uberis CAMP factor. A 
25 kDa protein band from the S. agalactiae supernatant 
(Figure 3A, lane 4) reacted in the immunoblot (Figure 3B, 

25 lane 4). This data indicated that monospecific 

antibodies raised against the S. uberis CAMP factor could 
cross-react with S. agalactiae protein B. This is not 
surprising since alignment of the 226-amino acid sequence 
of the S. agalactiae CAMP factor with the deduced 256 

3 0 amino acids of the S. uberis CAMP factor showed 66.4% 
identical residues (Figure 6; SEQ ID NOS: ) . 



15 



Example 4 

Comparison of the S. uberis CAMP factor with 
5. agalactiae CAMP factor 



To compare the 5. uberis CAMP factor with 



35 
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Example 5 

Distribution of CAMP factor genes in eight 
S. uberis strains 
To study the distribution of the CAMP factor 



5 gene in other S. uberis strains, chromosomal DNA prepared 
from eight S. uberis strains was digested with the 
restriction endonuclease Hindlll and separated on an 
agarose gel. Southern blot analysis with the 576 bp 
Hindlll-EcoRI fragment of pJLD21 as a probe (Figure 1) 

10 showed that a fragment identical in size to the Hindlll 
fragment (1.2 kb) in pJT,r>2l was present in three S. 
uberis strains which were CAMP-reaction positive, while 
none of the CAMP reaction negative strains reacted with 
the probe (Figure 7). Thus, the CAMP-negative strains do 

15 not contain the cfu gene. 



prepared from inclusion bodies as described in Example 1. 
The antigen was formulated in VSA3 adjuvant which is a 
combination of Emulsigen Plus™ from MVP Laboratories, 
Ralston, Nebraska and Dimethyldioctadecyl ammonium 
25 bromide (DDA) from Kodak (Rochester, NY). The final 
concentration was 25 jig per ml of CAMP factor, 30% 
Emulsigen Plus, 0.9% Tween-80, and 2 . 5 mg per ml of DDA. 
The dose volume was 2 cc containing 50 fig of recombinant 
antigen. 

30 Fifteen healthy lactating dairy cows from the 

Pennsylvania State University Mastitis Research Herd were 
f-n r,hidv tho ability of the S. uberis CAMP factor to 



Example 6 

Immunogenicitv and Protective Capability of 
the CAMP Factor 



20 



S. uJberis CAMP factor, encoded by pGH-CAMP, was 



35 



experimental, given the vaccine including the S. uberis 
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CAMP factor, administered intramuscularly at dry off and 
again 28 days later, and 2) placebo (vehicle) 
administered via intramuscular injection at dry off and 
again 28 days later, 
5 All animals were challenged in one quarter with 

S. uteris on day four of lactation. Milk and blood 
samples were obtained as outlined in Table 1. 



10 



15 



20 



TABLE 1 
Sampling Schedule 


TIME 


SAMPLE 


dry off, D-0 


serum, milk, immunization 


14 days dry, D+14 


serum 


28 days dry, D+2 8 


serum, immunization 


52 days dry, D+52 


serum 


calving, C-0 


serum, milk, bacteriology 


4 days lactation, CH-0 


serum, milk, bacteriology, 
challenge 


5 days lactation, CH+1 


bacteriology 


6 days lactation, CH+2 


bacteriology 


7 days lactation, CH+3 


serum, milk, bacteriology 


14 days lactation, CH+10 


serum, milk, bacteriology 


21 days lactation, CH+17 


serum, milk, bacteriology 



The challenge strain of S. uteris (ATCC strain 
9927) was obtained from a clinical case of bovine 
mastitis. The stock culture of S. uberis was grown in 
tryptic soy broth and individual aliquot were stored at 
-70°C on blood beads until needed. The bacterial 
challenge was prepared by rolling the stock bead cultures 



omnora t. u r 
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pasteurized (UHT) milk and incubated for 12 hours at 
37 °C. The 24 hour culture was mixed well and a 100 /xl 
aliquot was removed to inoculate a second 100 ml of UHT 
milk. After a second 9 hour incubation at 37°C / the 
5 culture was serially diluted in 10-fold increments using 
sterile saline. The colony forming units (CFU) per ml of 
each dilution was determined by absorbance on a 
spectrophotometer and confirmed by plate pouring onto 
blood agar plates. The dilution containing 200 CFR of S. 
10 uteris per ml of saline was selected for each challenge. 



by an indirect ELISA. Immunlon-2 plates were coated with 
antigen in carbonate buffer. Prior to use, the plates 
were blocked with TBST (100 mM Tris Cl, pH 8.0; 150 mM 

15 NaCl; 0.05% Tween-20) and 3% BSA for 1 hour. After 

blocking, the plates were washed with distilled water. 
Serum and milk samples were serially diluted in 3-fold 
increments using TBST containing 1% BSA. Rabbit antisera 
for S. uteris CAMP factor was also diluted and served as 

20 a positive control. Negative control samples contained 
TBST with 1% BSA. The diluted samples and controls were 
transferred to the coated plates and were incubated for 1 
hour at room temperature. The plates were washed 
thoroughly with distilled water and all wells were 

25 incubated with a horse radish peroxidase conjugate of 

goat anti-IgG diluted 1:2000 in TBST containing 1% BSA. 
Following a 1 hour incubation at room temperature, the 
plates were washed with distilled water. The amount of 
antibody present in samples was visualized using ABT 

3 0 substrate. The titers of each sample were based on the 
absorbance reading at 405 nm with a reference wavelength 
of 495 nm. A positive reading for samples was one in 



Total la titers for CAMP factor were determined 



35 



taking the reciprocal of the last dilution giving a 
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positive reading. Consistency among assay plates was 
monitored by the absorbance reading of positive controls. 

The results are shown in TABLES 2 and 3 . As 
can be seen, antibody titers were greater in the 
5 vaccinated animals than in the placebo group. 



10 



TABLE 2 

Average Serum Titers Following 
Experimental Challenge with S. uteris 


Treatment 


Before 

Tmmnni 7.p\t \ on 


Before 
Challenge 


After 
Challenge 


Placebo A 1 


6.75 


45.0 


45.0 


CAMP factor 


3.00 


819.00 


445.50 



1 Serum titers of samples obtained from placebo immunized 
animals screened for CAMP factor. 



25 



TABLE 3 

Average Lacteal Antibody Titers Following 
Experimental Challenge with S. uteris 


Treatment 
Group 


Before 
Immunization 


Before 
Challenge 


After 
Challenge 


Placebo A 1 


0. 00 


0.00 


1.33 


CAMP factor 


8.00 


288.00 


42 . 50 



1 Lacteal antibody titers of samples obtained from placebo 
immunized animals screened for CAMP factor. 



30 
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Somatic cell counts are a traditional measure 
of mastitis in cows. Accordingly, milk was assayed for 
somatic cells using standard assay. Results are shown in 
TABLE 4. As is readily apparent, immunized animals had a 
5 somatic cell count within normal limits while the placebo 
group had cell counts indicating the presence of 
mastitis. Thus, the CAMP factor vaccine was effective in 
preventing mastitis. 



10 



15 



TABLE 4 


Counts 


Following Experimental Challenge 


with S. uteris 


Treatment Group 


Before Challenge 1 


After Challenge 2 


1000 cells/ml milk 


Placebo A 


130.50 


2825.25 


CAMP factor 


251.75 


51.50 



^■Milk SCC obtained from quarters immediately prior to 
intramammary challenge with S. uberis 



2 Milk SCC obtained from quarters 3 days following 
intramammary challenge with S. uberis 



Thus, immunogenic CAMP factors are disclosed, 
as are methods of making and using the same. Although 
preferred embodiments of the subject invention have been 
described in some detail, it is understood that obvious 
variations can be made without departing from the spirit 
and the scope of the invention as defined by the appended 
claims . 
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